
(19) J  

(12) 

(45)  Date  of  publication  and  mention 
of  the  grant  of  the  patent: 
29.07.1998  Bulletin  1998/31 

(21)  Application  number:  94902876.5 

(22)  Date  of  filing:  16.12.1993 

Europaisches  Patentamt  | | |   | |   1  1|  | |   | |   ||  | |   | |   ||  | |   | |   | | |   | |  
European  Patent  Office 

Office  europeen  des  brevets  (1  1  )  E P   0  6 7 5   6 7 8   B 1  

EUROPEAN  PATENT  S P E C I F I C A T I O N  

ation  and  mention  (51)  |nt.  CI.6:  A01  K  67/02,  A01  K  4 1 / 0 0  

(86)  International  application  number: 
PCT/GB93/02565 

(87)  International  publication  number: 
WO  94/13132  (23.06.1994  Gazette  1994/14) 

(54)  METHOD  OF  HATCHING  AVIAN  EGGS 

VERFAHREN  ZUM  AUSBRUTEN  VON  VOGELEIERN 
METHODE  D'ECLOSION  D'OEUFS  DE  VOLAILLE 

CO 
CO 

10 

o  
Q_ 
LU 

(84)  Designated  Contracting  States: 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IE  IT  LI  LU  MC  NL 
PTSE 

(30)  Priority:  16.12.1992  GB  9226179 

(43)  Date  of  publication  of  application: 
11.10.1995  Bulletin  1995/41 

(73)  Proprietor: 
THE  VICTORIA  UNIVERSITY  OF  MANCHESTER 
Manchester  M13  9PL  (GB) 

(72)  Inventor: 
FERGUSON,  Mark  William  James 
Stockport,  Cheshire  SK4  4PL  (GB) 

(74)  Representative: 
Holmes,  Matthew  Peter  et  al 
MARKS  &  CLERK, 
Sussex  House, 
83-85  Mosley  Street 
Manchester  M2  3LG  (GB) 

(56)  References  cited: 
EP-A-  0  433  084 
US-A-5  090  617 

EP-A-  0  514  056 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may  give 
notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall  be  filed  in 
a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been  paid.  (Art. 
99(1)  European  Patent  Convention). 

Printed  by  Xerox  (UK)  Business  Services 
2.16.3/3.4 



EP  0  675  678  B1 

Description 

Background  of  the  invention 

5  1  .  Field  of  the  invention 

This  invention  relates  to  the  hatching  of  eggs  of  avian  species,  especially  of  poultry  birds,  and  to  the  hatchlings  thus 
obtained,  adult  birds  grown  from  the  hatchlings  and  subsequent  generations  of  birds  bred  from  said  adult  birds. 

10  2.  Description  of  related  art 

Sex  determination  in  avian  species,  including  domestic  poultry  (chickens,  turkeys,  pheasants  etc)  is  determined  by 
genetic  mechanisms.  Female  birds  are  heterogametic,  with  ZW  chromosomes,  whereas  males  are  homogametic,  with 
ZZ  chromosomes  (this  is  the  reverse  of  the  situation  in  mammals,  where  males  (XY)  are  the  heterogametic  sex  and 

15  females  (XX)  are  the  homogametic  sex.  It  is  assumed  that  there  are  genes  on  either  the  Z  or  the  W  chromosome, 
responsible  for  sex  determination  in  birds.  However,  it  is  unclear  whether  the  genes  which  regulate  male  or  female 
development  are  present  on  the  Z  chromosome,  the  W  chromosome  or  on  some  combination  of  these  (e.g.  an  activator 
on  the  Z  chromosome  and  an  inhibitor  on  the  W  chromosome).  What  is  clear  however,  is  that  in  birds,  as  in  mammals, 
sex  is  apparently  determined  at  the  time  of  fertilisation  (Sittman  1984,  and  references  therein). 

20  By  contrast,  in  some  reptiles,  the  temperature  of  egg  incubation  determines  the  sex  of  the  offspring;  there  being  no 
heteromorphic  sex  chromosomes  in  either  males  or  females  (see  Deeming  and  Ferguson  1988  for  a  review). 

It  has  therefore  been  supposed  that  there  are  two  fundamental  types  of  sexual  determination  in  vertebrates: 
genetic  (or  chromosomal)  sex  determination  as  in  birds  and  mammals,  whereby  the  sex  of  the  offspring  is  determined 
at  the  time  of  fertilisation  and  environmental  (or  temperature)  determination  in  reptiles  where  sex  is  determined  after 

25  fertilisation,  as  a  result  of  interaction  with  some  environmental  agent. 
There  have  been  few  previous  investigations  of  the  effects  of  temperature  on  sex  ratio  in  birds,  probably  because 

deviations  from  the  normal  temperature  in  birds  are  usually  lethal  to  the  embryo  (Bennett  and  Dawson  1979,  Tazawa 
and  Rahn  1986).  In  the  domestic  chicken,  deviations  from  the  preferred  incubation  temperature  of  37.5  to  38°C  during 
incubation  causes  significant  embryonic  mortality.  This  situation  in  birds  if  very  different  from  that  in  reptiles  whose 

30  embryos  are  tolerant  to  a  fairly  wide  range  (often  5°C  or  more)  of  incubation  temperatures  without  any  significant  effect 
on  embryonic  mortality. 

However,  Shubina  et  al.  (1972)  have  reported  that  a  change  in  incubation  temperature  of  chicken  eggs  can  alter 
the  sex  ratio  between  male  and  female  embryos.  The  paper  begins  by  referring  to  an  earlier  paper  which  is  said  to  have 
shown  that  a  brief  increase  in  incubation  temperature  In  the  period  preceding  or  concurrent  with  gonadal  differentiation 

35  of  chicken  embryos  leads  to  the  formation  of  primarily  female  individuals.  There  follows  a  description  of  experiments 
apparently  showing  that  reducing  the  temperature  of  incubation  after  72  hours  from  37.5°C  to  22°C  for  7  or  8  hours 
biases  the  sex  ratio  towards  males,  namely  to  a  1  .5:1  or  1  .43:1  ,  respectively,  ratio  of  males  to  females.  These  figures 
are  not  encouraging  because  mortality  of  the  embryos  was  9.1  and  10.5%  respectively,  compared  with  6.1%  in  the  con- 
trol  group:  see  Table  1  .  However,  all  figures  in  Table  1  must  be  treated  with  caution,  since  it  is  unclear  how  to  reconcile 

40  the  percentage  mortalities  with  the  total  number  of  embryos  examined  and  the  total  number  of  eggs  used.  Also,  one  set 
of  experiments  seems  to  have  been  omitted  from  the  results  shown  in  Table  1  .  Thirdly,  the  paper  reports  in  Table  2  a 
previous  experiment  in  which  the  incubation  temperature  is  increased  to  41  °C,  yet  the  mortalities  reported  are  only  7- 
1  2%  and  the  bias  is  in  favour  of  males. 

45  Summary  of  the  invention 

The  present  invention  provides  a  method  of  hatching  eggs  of  avian  species  which  comprises  carrying  out  at  least 
one  cycle  of  steps  (a)  to  (c)  as  follows: 

so  (a)  incubating  the  eggs  in  a  first,  baseline  ambient  environment  which  is  normal  for  hatchery  incubation  of  the  eggs 
of  the  avian  species  in  the  prevailing  climatic  conditions  and  then, 

(b)  during  a  sex-sensitive  time  window  of  embryonic  development,  altering  the  ambient  environment  to  shifted  con- 
ditions  for  a  period  of  time  effective  to  bias  the  normal  phenotypic  sex  ratio  of  the  embryos;  and 

55 
(c)  thereafter  restoring  the  incubation  conditions  to  or  towards  normal. 

characterised  in  that,  during  step  (b),  the  shifted  conditions  and  the  period  of  time  in  which  these  condition  are  applied 
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are  chosen  such  that  they  also  have  no  significant  effect  on  the  average  mortality  rate  and  in  that,  during  step  (c)  the 
eggs  are  allowed  to  hatch. 

The  avian  species  may  be  a  chicken. 
The  shifted  conditions  may  comprise  reduced  temperature.  The  temperature  may  be  reduced  when  the  eggs  are 

5  at  Hamilton-Hamburger  stage  18  or  19  or  at  2-4  days  afier  the  start  of  an  incubation  which  began  from  18  to  36  hours 
afier  the  eggs  were  laid. 

The  shifted  temperature  may  be  maintained  at  about  22°C  for  a  period  of  from  1  8  to  42  hours.  The  period  of  shifted 
temperature  may  be  from  24-36  hours. 

Alternatively,  the  shifted  temperature  may  be  maintained  at  about  36°C  for  a  period  of  from  1  8-96  hours.  The  period 
10  of  shifted  temperature  may  be  from  24  to  72  hours. 

Also  provided  according  to  the  present  invention  is  a  method  of  producing  birds  of  an  avian  species  which  are  chro- 
mosomally  male  (ZZ)  but  phenotypically  female  or  chromosomally  female  (ZW)  but  phenotypically  male,  which  com- 
prises  hatching  eggs  by  a  method  according  to  the  present  invention  to  bias  the  phenotypic  sex  ratio,  detecting  the 
chromosome  type  of  the  hatchlings  and  selecting  hatchlings  which  are  chromosomally  male  but  phenotypically  female 

15  or  vice  versa. 
The  method  may  further  comprise  rearing  the  hatchlings  to  an  adult  age  at  which  they  are  capable  of  breeding. 
The  method  may  further  comprise  allowing  the  phenotypically  female  or  male  birds  (chromosomally  ZZ  or  ZW 

respectively),  to  breed  with  a  bird  of  the  opposite  phenotypic  sex  of  normal  chromosomes  type  (chromosomally  ZZ  or 
ZW  respectively,  to  produce  offspring  which  are  chromosomally  homogenetic  individuals  (all  WW). 

20  Also  provided  according  to  the  present  invention  is  the  use  of  an  incubator  for  hatching  avian  eggs,  the  incubator 
being  adapted  to  provide  at  least  one  cycle  of  conditions  according  to  the  present  invention. 

Also  provided  is  the  use  of  an  incubator  according  to  the  present  invention,  the  incubator  being  adapted  by  the  pro- 
vision  of  associated  programmable  control  means  for  varying  the  conditions. 

The  eggs  will  normally  be  incubated  at  37.5°C  -  38°C.  The  alteration  of  the  ambient  environment  to  shifted  condi- 
25  tions  normally  takes  the  form  of  a  reduction  in  temperature  of  incubation,  especially  to  either  about  22°C  or  to  about 

36°C,  whereby  the  sex  ratio  of  hatchlings  is  biased  in  favour  of  males  or  female  respectively. 
The  terminology  "without  significant  adverse  effect  on  mortality  rate"  implies  that  it  is  readily  possible  to  find  condi- 

tions  in  which  the  mortality  is  below  9%  as  determined  on  embryos  at  day  10  of  incubation.  More  preferably,  mortality 
is  below  that  of  control  eggs  incubated  at  a  constant  38°C.  These  conditions  differ  from  those  of  Shubina  et  al.  supra. 

30  especially  in  respect  of  the  period  of  time  during  which  the  temperature  is  shifted,  also  referred  to  herein  as  "pulse  time". 
To  carry  out  the  method  an  incubator  should  be  adapted  to  carry  out  a  cycle  of  steps  (a)  to  (c)  preferably  by  the 

provision  of  associated  programmable  control  means  for  varying  the  ambient  conditions  referred  to,  especially  temper- 
ature,  point  data,  places  in  the  incubator  where  eggs  could  be  placed  to  ensure  uniform  Incubation  temperature  were 
determined.  In  all  subsequent  experiments,  eggs  were  placed  in  these  uniform  temperature  zones  within  the  incubator. 

35  Further,  it  was  observed  that  when  the  incubator  lid  was  opened  for  more  than  5  minutes,  then  the  temperature  in  the 
Incubator  rose  to  above  that  at  which  It  was  set.  This  was  obviously  a  function  of  the  thermostat,  activating  the  heater 
in  the  Incubator  to  warm  it  up  again.  It  was  determined  In  early  experiments  that  these  temperature  spikes  were  detri- 
mental  to  the  eggs  and  complicated  the  experiments.  Accordingly,  to  avoid  all  temperature  spikes,  all  eggs  were  placed 
in  the  incubators  with  the  temperature  controller  set  at  36°C,  which  prevents  temperature  spiking  above  38°C.  Once  all 

40  the  eggs  were  placed  in  the  incubator  and  the  lid  firmly  secured,  the  temperature  controller  was  then  raised  to  38°C.  It 
took  the  incubator  approximately  60  minutes  to  equilibrate  after  placing  the  eggs  in  it  in  this  fashion.  Therefore  incuba- 
tion  was  reckoned  to  begin  after  this  60  minute  period.  All  references  herein  to  incubation  periods  are  to  be  construed 
accordingly. 

45  Eggs  and  methods  of  determining  the  sex  of  embryos 

The  chicken  eggs  were  from  Rhode  Island  Red  hens  and  were  purchased  from  a  commercial  supplier. 
In  preliminary  investigations,  embryos  were  recovered  on  days  3-12  inclusive,  their  abdomens  opened  and  the  ani- 

mals  sexed  according  to  the  relative  size  of  the  gonads.  The  gonads  were  also  removed  for  histological  sectioning  to 
so  confirm  their  sex.  The  earliest  time  point  for  reliable  sexing  of  the  embryos  was  day  7  of  incubation.  All  embryonic  sexing 

reported  in  this  study  was  performed  on  embryonic  days  9,10,12,17,  and  20.  The  embryonic  day  chosen  did  not  affect 
the  results. 

Controls 
55 

In  all  experiments  a  control  batch  of  eggs  was  incubated  at  a  constant  38°C  throughout.  This  should  produce  a 
roughly  50/50  sex  ratio,  although  in  the  Isabrown  species,  there  is  consistently  a  higher  percentage  of  females,  com- 
pared  to  males  (sex  ratio  approximately  1  :  0.9).  If  these  control  eggs  showed  significant  mortality,  i.e.  above  10%,  all 
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experimental  results  were  disregarded,  and  none  of  these  are  reported.  This  has  happened  on  several  occasions,  and 
may  be  due  to  stress  in  the  breeding  stock,  change  in  diet  or  other  unrelated  factors. 

Collection  of  eggs  from  the  hatchery 
5 

Eggs  were  collected  from  the  birds  shortly  after  laying.  They  were  stored  at  the  hatchery  and  transported  at  ambi- 
ent  temperature  to  Manchester  University,  where  they  were  kept  at  ambient  temperature  for  a  maximum  of  24  hours 
before  commencing  incubation.  There  is  normally  no  development  during  this  period.  This  Is  the  normal  poultry  industry 
regime.  If  eggs  are  incubated  immediately  after  laying,  many  embryos  die. 

10 
Temperature  shifting  (pulsing) 

At  various  times  during  incubation  (as  described  in  the  Tables  which  follow)  eggs  were  pulsed  with  either  a  higher 
or  lower  temperature  for  a  variable  pulse  duration  (as  described  in  the  Tables).  Thus,  for  a  shift  on  embryonic  day  3, 

15  eggs  were  incubated  for  72  hours  (plus  or  minus  30  minutes)  before  the  incubator  was  adjusted  to  pulse  them,  for 
example,  at  22°C  for  48  hours  (in  the  case  of  the  two  day  pulse).  Pulsing  of  the  eggs  was  achieved  by  quickly  placing 
the  incubators  in  a  cold  room  (4°C)  with  the  incubator  lid  ajar  about  4cm.  This  allowed  for  rapid  cooling  of  the  eggs 
within  the  incubator,  which  then  rapidly  equilibrated  to  its  newly  set  temperature.  Thus,  for  example,  the  incubator 
reached  22°C  within  1  5  minutes  under  this  regime.  The  time  at  which  the  pulse  temperature  was  reached  was  taken  as 

20  the  0  time  point  for  measuring  the  length  of  the  pulse.  In  each  experiment,  1  or  2  eggs  were  removed  from  the  incubator 
at  the  commencement  of  the  pulse  time,  opened  and  the  embryo  stage  according  to  Hamburger  and  Hamilton  criteria 
determined.  Each  incubator  was  carefully  adjusted  and  monitored  during  the  pulse  period  to  maintain  constant  temper- 
atures  throughout  the  pulse. 

25  Restoration  of  normal  incubation  conditions 

At  the  end  of  the  pulse  period,  the  incubator  was  then  adjusted  to  bring  the  temperature  back  up  to  38°C.  This  took 
no  more  than  30  minutes  between  setting  the  incubator  controls  and  the  eggs  reaching  their  new  temperature.  Equally, 
there  was  no  spiking  of  the  incubator  in  terms  of  temperatures  exceeding  38°C.  The  incubation  of  the  eggs  was  contin- 

30  ued  at  38°C  until  the  time  of  termination  (normally  embryonic  day  10  or  day  17).  During  this  time  period,  the  incubator 
temperatures  were  constantly  monitored  with  the  platinum  resistance  thermometer  probes,  calibrated  against  the 
National  Standard  thermometer. 

Examination  of  embryos  (sexing  and  determining  mortality) 
35 

At  the  end  of  the  incubation  period,  the  eggs  were  killed  and  opened  and  the  embryos  removed  and  staged  accord- 
ing  to  the  Hamburger-Hamilton  method.  All  infertile  eggs  were  noted  and  discarded  from  any  further  calculations.  Eggs 
containing  dead  embryos  were  noted,  and  if  possible,  the  sex  of  the  embryo  was  determined  (this  is  usually  not  possi- 
ble).  Of  the  remaining  living  embryos,  these  were  opened  and  the  embryo  sexed  by  the  macroscopic  appearance  of  the 

40  gonads.  In  cases  of  doubt  and  in  any  case  in  one  in  five  embryos,  the  gonads  were  removed  and  processed  for  histo- 
logical  sectioning.  Sex  was  then  diagnosed  on  the  basis  of  gonadal  differentiation  into  either  testis  or  ovaries.  The  per- 
centages  of  male,  female  and  dead  embryos  in  the  Tables  were  derived  in  this  way. 

Genotypinq 
45 

The  heads  of  each  of  the  embryos  were  removed  and  frozen  at  -70°C.  This  tissue  was  used  to  extract  genomic 
DNA  for  slot  blot  hybridisation  with  a  chicken  W  chromosome  probe  (Tone  et  a].,  1982,  Kodama  et  a].,  1987,  Saitoh  et 
§].,  1992,  Saitoh  and  Mizuno  1992).  This  probe  is  a  specific  marker  for  the  W  chromosome  and  was  used  to  confirm  the 
genetic  sex  of  the  embryos.  Slot  blot  analysis  was  only  performed  in  experiments  where  there  was  a  significant  devia- 

50  tion  of  the  sex  ratio  observed  upon  macroscopic  and  histological  examination  of  the  gonads.  It  served  to  confirm  that 
the  macroscopic  phenotypic  sex  of  the  embryo  differed  from  its  genotypic  sex  on  the  basis  of  the  W-chromosome  probe. 

Based  on  the  macroscopic,  histological  and  DNA  analysis  of  sex  determination,  there  was  no  difference  in  the 
accuracy  of  sexing  embryos  at  any  of  the  embryonic  days/stages  used.  Moreover,  in  repeat  experiments  of  the  same 
temperature  pulse  conditions,  there  was  no  significant  difference  in  the  percentage  of  shift  of  the  sex  ratio  dependent 

55  upon  the  embryonic  age  of  sex  determination.  Confidence  can  therefore  be  placed  in  the  accuracy  and  reproducibility 
of  these  sexing  methods. 

4 
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RESULTS 

The  data  in  Tables  1  -3  clearly  show  that  sex  reversal  occurs  reliably  and  reproducibly  under  a  certain  set  of  condi- 
tions.  Under  other  sets  of  conditions,  sex  reversal  is  not  predictable,  i.e.  it  happens  some  times,  but  not  others,  and 

5  under  a  wide  range  of  conditions,  there  are  no  effects.  This  allows  one  to  define  a  matrix  of  optimum  conditions  for  alter- 
ations  in  the  sex  ratio.  This  can  most  easily  be  described  by:  timing  of  onset  of  the  pulse,  duration  of  the  pulse,  and  tem- 
perature  at  which  the  eggs  are  pulsed. 

Time  of  onset  of  the  pulse  in  days  and  Hamburger  Hamilton  stages 
10 

The  sensitive  time  window  of  development  where  a  shift  in  temperature  significantly  affects  the  sex  ratio,  is  between 
embryonic  days  2-4  with  the  optimum  on  embryonic  day  3.  The  term  "on  embryonic  day  n",  n  being  a  specified  integer, 
as  used  herein,  signifies  that  the  pulsing  took  place  when  the  eggs  had  been  incubated  for  24n  hours,  plus  or  minus  30 
minutes.  Shifting  the  incubation  temperature  on  or  after  embryonic  day  5  has  no  effect  on  the  sex  ratio,  but  adversely 

15  effects  the  embryonic  mortality.  Experimental  analysis  was  therefore  concentrated  on  embryonic  day  3. 
An  interesting  early  observation  was  that  the  stage  of  the  embryo  at  the  commencement  of  the  pulse  was  very 

important.  This  meant  that  eggs  which  had  been  stored  for  too  long  before  incubation  began,  gave  variable  results.  This 
is  illustrated  clearly  in  Table  2,  where  a  number  of  pulses  on  embryonic  day  3  for  similar  periods  of  time  and  pulsing  to 
similar  temperatures  gave  unpredictable  results.  The  reason  is  that  the  eggs  used  in  the  experiments  in  Table  2,  varied 

20  in  the  length  of  storage  between  the  time  of  egg  laying  and  the  commencement  of  incubation.  This  means  that  embryos 
were  at  different  stages  of  development  when  commencing  the  time  of  the  pulse.  It  was  determined  that  it  is  important 
for  optimal  results  to  commence  temperature  pulsing  at  Hamburger-Hamilton  stage  18/19,  which  is  normally  on  embry- 
onic  day  3.  The  effects  of  pulsing  on  these  days/stages  are  reproducible  and  are  illustrated  in  Table  3.  In  practice,  this 
means  that  eggs  are  kept  for  approximately  1  day  (24-36  hours)  between  laying  and  the  commencement  of  incubation. 

25  If  eggs  are  stored  for  longer  periods  of  time,  it  is  important  to  titre  the  commencement  of  the  temperature  pulse,  so  that 
it  begins  at  Hamburger-Hamilton  stage  18/19. 

Pulsing  temperature  to  which  the  eggs  are  shifted 

30  Optimum  skews  in  the  sex  ratio  towards  an  increase  in  males  were  observed  when  eggs  were  shifted  on  embryonic 
day  3  from  their  normal  incubation  temperature  of  about  38°C  to  a  temperature  of  about  22°C  (Tables  1  and  3).  This 
produced  at  best  a  sex  ratio  of  approximately  1  .6  males  for  every  female  with  a  very  low  mortality  figure  (usually  in  the 
region  of  5%  which  is  the  control  level).  Also,  a  shift  to  about  36°C  on  embryonic  day  3  reliably  biased  the  sex  ratio 
towards  females,  again  with  low  mortality. 

35  Shifting  to  other  temperatures  either  has  an  unreliable  effect  on  the  sex  ratio  or  causes  substantial  mortality  of  the 
eggs  (Table  1). 

Duration  of  the  temperature  pulse 

40  Skews  in  the  sex  ratio  were  obtained  with  temperature  pulses  of  22°C  commencing  on  embryonic  day  3  for  variable 
periods  between  8  and  48  hours.  In  general,  long  temperature  pulses,  i.e.  exceeding  36  hours,  usually  produce 
increased  mortality.  Contrariwise,  short  temperature  pulses  have  less  reproducible  effects.  The  optimum  duration  of  the 
pulse  seems  to  lie  at  around  between  24  and  36  hours  (Tables  1  and  3),  but  the  results  at  shorter  and  longer  pulse 
lengths  indicate  some  latitude  in  these  figures,  say  to  a  wider  preferred  range  of  18  to  42  hours. 

45  For  temperature  pulses  at  36°C,  preliminary  experiments,  reported  in  Table  1  of  the  priority  application,  carried  out 
under  less  precisely  defined  conditions  than  given  above,  indicated  that  a  pulse  length  of  2  to  4  days  was  particularly 
suitable  and  Table  1  below  confirms.  Again,  there  is  some  latitude  in  the  lower  figure,  indicating  a  wider  preferred  range 
of  18  to  96  hours. 

so  Age  of  the  laying  flock 

To  investigate  the  possible  effects  of  flock  age  on  the  nature  of  the  sex  reversal  obtained  with  temperature  pulses 
during  incubation,  the  optimum  sex  reversing  regime  i.e.,  a  temperature  pulse  of  22°C  commencing  on  embryonic  day 
3,  Hamburger-Hamilton  stage  18/19  for  varying  periods  of  time,  (Table  3),  was  used.  Table  3  shows  that  the  eggs  of 

55  older  parents  show  more  of  a  sex  skew  than  that  of  younger  parents. 
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2.  EFFECTS  OF  INCUBATION  TEMPERATURE  PULSING  ON  HATCH  ABILITY 

To  investigate  whether  the  temperature  pulsing  regime  adversely  affected  embryonic  development  and  caused 
high  late  embryonic  mortality  or  problems  in  hatching,  the  following  experiment  was  established. 

5 
MATERIALS  AND  METHODS 

400  eggs  of  the  Isabrown  auto-sexing  strain  were  collected  from  the  same  flock  of  hens  on  20th  April  1993.  In  the 
Isabrown  strain,  sex  is  closely  related  to  feather  colour,  and  hence,  it  is  possible  to  sex  the  birds  at  hatching  by  looking 

10  at  their  feathers  as  an  indicator  of  the  genotypic  sex.  There  is  a  less  than  1%  error  claimed  by  the  suppliers  of  these 
eggs  in  this  feather  sexing  method.  The  Isabrown  auto-sexing  chickens  are  bred  from  pure  parental  lines.  On  hatching, 
the  females  are  brown,  later  turning  red,  with  white  under-feathers.  The  males  are  yellow,  later  turning  pure  white.  This 
auto-sexing  characteristic  is  seen  as  early  as  embryonic  day  12,  when  the  feathers  are  being  formed.  In  the  embryo, 
the  male  feathers  are  transparent,  whereas  the  female  feathers  are  reddish  brown.  The  percentage  error  in  determining 

15  sex  by  feather  in  the  embryo,  compared  to  macroscopic  inspection  of  the  gonads,  was  determined  to  be  less  than 
0.01%.  The  eggs  were  controlled  in  terms  of  parent  of  origin,  age  of  the  flock  and  age  after  egg  laying.  The  eggs  were 
placed  in  incubators  on  21st  April  1993,  as  described  previously.  The  pulsing  regimes  consisted  of  the  following. 

On  embryonic  day  3,  i.e.  at  72  hours  (plus  or  minus  30  minutes)  from  the  beginning  of  incubation,  100  eggs  were 
pulsed  at  22°C  for  24  hours  and  300  eggs  were  pulsed  at  36°C  for  48  hours. 

20  On  7th  May  1993,  all  eggs  were  removed  from  the  incubators  at  the  University  of  Manchester  and  candled.  Can- 
dling  allowed  one  to  distinguish  between  fertile  developing  eggs,  dead  eggs  or  infertile  eggs.  At  this  stage,  the  dead  or 
infertile  eggs  were  removed  and  discarded.  In  the  36°C  group,  56  of  the  300  eggs  were  infertile  and  none  were  dead, 
meaning  that  for  the  rest  of  the  experiment,  there  was  an  effective  starting  group  of  244  eggs.  In  the  22°C  shift  group, 
18  eggs  were  infertile  and  none  were  dead,  i.e.,  the  experiment  started  effectively  with  82  eggs.  Following  the  discard 

25  of  these  infertile  eggs,  the  viable  eggs  were  transported  immediately  to  hatching  incubators  at  the  University  of  Liver- 
pool  Veterinary  School,  a  distance  of  about  25  miles  (45  km.).  They  were  placed  in  these  hatching  incubators,  so  as  to 
distinguish  between  the  two  treatment  groups,  i.e.,  36°C  and  22°C  treatments,  but  all  these  hatching  incubators  were 
set  at  38°C.  Separation  of  the  eggs  in  the  treatment  groups  allowed  for  subsequent  analysis  on  hatching. 

The  eggs  hatched  on  13th  May  1993.  The  phenotypic  sex  of  chickens  on  the  day  of  hatching  was  determined  by 
30  examining  the  macroscopic  appearance  of  the  vent  of  the  bird.  This  is  a  common  procedure  in  poultry  practice,  and  is 

the  basis  for  discarding  male  or  female  chickens  under  current  poultry  practice  conditions.  An  experienced  poultry  vent 
sexer  vent-sexed  all  the  birds  from  these  experiments  on  the  day  of  hatching.  He  knew  neither  about  the  auto-sexing 
characteristics  of  the  feathers  of  the  Isabrown  strain  of  birds,  nor  the  details  of  the  experimental  treatment,  i.e.  sexing 
at  hatching  was  done  "blind".  All  birds  were  then  individually  banded,  so  that  they  could  be  subsequently  identified  and 

35  traced  to  one  of  the  experimental  groups. 

Results 

Mortality 
40 

In  the  36°C  treatment  group,  (starting  with  244  eggs),  37  eggs  did  not  hatch  or  died  at  the  time  of  hatching.  Of 
these,  most  of  the  birds  died  trying  to  get  out  of  the  shell.  In  order  to  emulate  practice  in  the  poultry  industry,  no  attempt 
was  made  to  assist  the  birds  out  of  the  shell.  One  chick  died  on  the  first  day  after  hatching  and  four  chicks  died  within 
the  first  two  weeks  of  hatching,  due  to  disease.  So,  in  the  36°C  group,  out  of  the  total  of  244  viable  eggs,  85%  hatched 

45  and  1  5%  did  not  hatch. 
In  the  22°C  treatment  group,  of  the  82  viable  eggs  in  the  experiment,  13  birds  did  not  hatch,  i.e.  died  on  or  before 

the  time  of  hatching.  Like  the  36°C  group,  the  vast  majority  of  these  died  on  the  day  of  hatching  from  a  failure  to  get  out 
of  the  shell.  No  chicks  died  in  the  first  week.  This  means  that  out  of  a  total  of  82  viable  eggs  in  the  22°C  pulse  group, 
84%  hatched  and  16%  did  not  hatch. 

so  The  mortality  figures  in  both  groups  are  almost  identical.  This  suggests  that  the  mortality  may  have  more  to  do  with 
the  conditions  of  the  experiment,  i.e.  transporting  the  eggs  to  different  incubators  shortly  after  embryonic  day  16,  than 
to  the  pulsing  regime.  In  any  case,  the  maximum  mortality  as  assayed  at  the  time  of  hatching  is  likely  to  be  around  15%. 

Effects  on  sex  at  the  time  of  hatching 
55 

The  data  are  presented  in  Table  4  which  documents  genotypic  sex,  i.e.  feather  colour  and  phenotypic  sex,  i.e.  vent 
sex  in  the  various  treatment  groups.  (The  vent  sexing  is  analogous  to  examination  of  the  gonads  of  embryos). 

In  the  36°C  treatment  group,  in  the  1  05  birds  whose  genotypic  sex  was  male,  there  was  complete  concordance  with 
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the  phenotypic  sex.  In  the  1  01  birds  whose  genotypic  sex  was  female,  one  bird  was  phenotypically  male.  This  bird  had 
a  feather  pattern  which  was  intermediate  between  that  of  male  and  female.  This  is  unlikely  to  be  due  to  a  temperature 
pulsing  effect.  The  conclusion  therefore  is  that  36°C  treatment  had  no  effect  in  terms  of  sex  reversal  as  assayed  on  the 
day  of  hatching.  It  can  be  regarded  as  a  control  experimental  group  for  the  purposes  of  sex  reversal  determination. 

5  In  the  22°C  group,  of  the  30  birds  whose  genotypic  sex  (feather  colour)  was  male,  there  was  again  complete  con- 
cordance  between  genotype  and  phenotype.  However,  of  the  39  birds  whose  genotypic  sex  by  feather  colour  was 
female,  only  35  had  the  phenotypic  sex  of  female,  as  determined  by  vent  sexing.  The  other  four  had  the  phenotypic  sex 
of  male  and  were,  therefore,  "sex  reversed",  i.e.  their  genotype  was  female,  but  their  phenotype  male. 

The  sex  reversed  birds  were  reared  under  conventional  poultry  raising  conditions  for  five  months  and  they 
10  appeared  to  grow  satisfactorily  and  maintain  their  phenotypic  sex.  Unfortunately,  the  birds  were  then  killed  by  the  spon- 

sor  who  had  agreed  to  pay  for  feeding  them  and  this  action  occurred  without  any  warning  to  the  inventor  or  patent  appli- 
cant.  Nevertheless,  the  experiment  clearly  demonstrated  that  the  temperature  pulsing  regime  does  not  produce  a 
significant  mortality  in  terms  of  hatching,  that  adult  birds  whose  phenotypic  sex  differs  from  their  genotypic  sex  were 
produced  and  that  these  birds  can  develop  and  grow  normally. 

15 
Implications 

The  unexpected  finding  that  manipulation  of  incubation  temperature  in  domestic  chickens  can  influence  the  sex 
ratio,  without  the  high  mortalities  reported  by  Shubina  et  al.,  may  be  important  in  a  number  of  ways.  First,  it  will  be  pos- 

20  sible  to  skew  the  sex  ratio  towards  either  females  for  egg  laying  species  or  males  for  species  required  for  maximal 
growth.  Second,  it  is  possible  to  generate  by  this  invention,  birds  whose  phenotypic  sex  is  different  from  their  genotypic 
sex,  e.g.  ZW  males.  When  such  birds  breed,  the  new  stock  would  produce  a  skewed  sex  ratio  in  subsequent  genera- 
tions,  even  if  all  the  eggs  were  incubated  at  38°C.  This  may  be  very  important  for  commercial  businesses  which  supply 
stock  into  the  poultry  industry.  Thus,  the  invention  includes  a  method  of  producing  birds  of  an  avian  species  which  are 

25  chromosomally  male  (ZZ)  but  phenotypically  female  or  chromosomally  female  (ZW)  but  phenotypically  male,  which 
comprises  hatching  eggs  by  a  method  of  the  invention,  above  defined,  to  bias  the  phenotypic  sex  ratio,  detecting  the 
chromosome  type  of  the  hatchlings  and  selecting  hatchlings  which  are  chromosomally  male  but  phenotypically  female 
or  vice  versa.  It  further  includes  rearing  the  hatchlings  to  an  adult  age  at  which  they  are  capable  of  breeding.  Still  further, 
it  includes  allowing  the  phenotypically  female  or  male  birds  (chromosomally  ZZ  or  ZW  respectively),  to  breed  with  a  bird 

30  of  the  opposite  phenotypic  sex  of  normal  chromosome  type  (chromosally  ZZ  or  ZW  respectively),  to  produce  offspring 
which  are  chromosomally  homogenetic  individuals  (all  WW). 

Third,  it  ought  to  be  possible  to  do  the  same  things  in  other  commercially  important  avian  species.  These  include, 
for  example,  turkeys  or  pheasant  for  commercial  purposes  i.e.  human  food.  They  also  include  valuable  species  of  birds 
in  the  pet  trade  e.g.  parrots,  rare  or  endangered  species  where  one  wishes  to  influence  the  sex  ratio  for  breeding  pur- 

35  poses.  In  principle,  the  mechanism  should  be  applicable  to  all  avian  species. 
Translating  the  requirements  of  the  method  of  the  invention  to  other  avian  species,  the  temperature  shift  should  be 

timed  to  take  place  at  a  time  of  between  2  and  4  days,  preferably  about  3-3.5  days,  before  the  first  time  at  which  sexual 
differentiation  can  be  detected  histologically,  and  for  a  period  of  time  which  enables  the  pulse  to  be  completed  before 
the  time  at  which  sexual  differentiation  occurs  in  control  birds  and  is  not  less  than  18  hours. 

40 
Other  ways  of  creating  shifted  conditions 

The  inventor  believes  that  the  reason  for  the  improvement  in  the  mortality  rates  following  shifts  of  the  incubation 
temperature  relates  to  gas  and  humidity  exchange  across  the  egg  shell.  When  one  moves  from  the  baseline  incubation 

45  temperature  to  the  shifted  temperature  and  then  back  to  or  near  the  baseline  temperature,  there  are  occasions  when 
the  egg  is  warmer  than  the  incubator,  in  which  case,  the  egg  will  lose  gas  and  humidity  from  the  eggshell  membrane. 
Conversely,  there  are  times  when  the  incubator  is  warmer  than  the  egg,  in  which  case,  it  will  take  up  gases  and  water 
vapour.  This  may  be  important  in  improving  the  respiratory  exchange  of  the  developing  embryo.  In  nature,  where  incu- 
bation  mortalities  are  lower,  the  temperature  of  egg  incubation  is  likely  to  oscillate  much  more  than  in  an  artificial  incu- 

50  bator.  Those  skilled  in  the  art  will  therefore  be  able  to  find  other  means  of  altering  the  ambient  environment  by  use  of 
changes  in  vapour  pressure. 

55 
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DATA  FOR  TEMPERATURE  PULSE  EXPERIMENTS 

DP-Day  of  I n c u b a t i o n   a f t e r   which  pulse  was  app l i ed   (24  hour  d a y s )  
PL-Pulse  Length  (Hours)  PT-Pulse  t e m p e r a t u r e   (C) 

M-Males  F-fe  males  D=Dead 

DP  PL  PT 

(Hrs)  ( °C)  

1  24  35 

2  24  18 

2  24  18 

2  48  18 

2  48  18 

2  24  20 

3  48  20 

3  8  22 

3  8  22 

3  8  22 

3  24  22 

3  24  22 

3  24  22 

3  24  22 

3  24  22 

3  36  22 

3  36  22 

3  36  22 

3  36  22 

3  36  22 

3  48  22 

3  48  22 

3  48  22 

TABLE  1 

#  X  #  

M  M  F 

5  50.0  5 

18  36.0  27 

17  34.7  26 

22  44.9  18 

26  50.0  19 

23  44.2  28 

27  50.9  19 

26  56.5  17 

27  50.0  23 

29  50.9  26 

25  54.3  19 

24  52.2  19 

27  47.3  29 

35  54.7  25 

27  48.2  23 

35  61.4  21 

26  50.0  25 

32  51.6  25 

34  55.7  22 

33  60.0  20 

24  54.5  13 

30  53.6  21 

20  40.8  21 

1  #  \  I  

F D D  

50.0  0  0 

54.0  5  10 .0  

53.1  6  12 .2  

36.7  9  18 .4  

36.5  7  13 .5  

53.9  1  1 .9  

35.9  7  13.2 

37.0  3  6 . 5  

42.6  4  7 . 4  

45.6  2  3 . 5  

41.3  2  4 . 4  

41.3  3  6 . 5  

50.9  1  1 . 8  

39.1  4  6 . 2  

41.1  6  10 .7  

36.8  1  1 .8  

48.1  1  1 .9  

40.3  5  8.1 

36.1  5  8 . 2  

36.4  2  3 . 6  

29.5  7  16 .0  

37.5  5  8 . 9  

42.9  8  16 .3  

s 
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DATA  FOR  TEMPERATURE  PULSE  EXPERIMENTS 

5 
DP-Day  of  Incubation  af ter   which  pulse  was  applied  (24  hour  days)  
PL=Pulse  Length  (Hours)  PT=Pulse  temperature  (C) 

M=Males  F=females  D=Dead 
10 

TABLE  1  ( con t inued)  

DP  PL  PT  #  1  #  X  #  \  X 

(Hrs)  (°C)  M  M  F  F D D  

3  48  36  6  28.6  14  66.6  1  4 .8  
3  72  36  8  38.1  12  57.1  1  4.8 
3  96  36  14  43.8  17  53.1  1  3.1 
4  48  33  9  40.9  11  50.0  2  9.1 
4  72  33  2  11.1  5  27.8  11  61.1 
4  72  33  2  15.4  5  38.5  6  46.1 
4  96  33  3  13.6  1  4.6  18  81.8 
4  48  34  8  33.3  13  54.2  3  12.5 
4  72  34  6  27.3  10  45.4  6  27.3 
4  96  34  5  20.8  4  16.7  15  62.5 
4  48  35  10  45.5  9  40.9  3  13.6 
4  48  35  11  50.0  11  50.0  0  0 
4  72  35  28  50.0  23  41.1  5  8 .9  
4  72  35  6  40.0  9  60.0  0  0 
4  96  35  8  42.1  7  36.8  4  21.1 
4  48  36  7  33.3  6  28.6  8  38.1 
4  72  36  7  30.4  13  56.5  3  13.1 
4  96  36  5  22.7  17  77.3  0  0 
4  96  36  25  47.2  26  49.0  2  3.8 
4  48  37  13  54.2  11  45.8  0  0 
4  72  37  4  19.0  16  76.2  1  4 .8  
4  96  37  9  33.3  11  40.7  7  26.0 
5  48  33  10  45.5  11  50.0  1  4.5 
5  72  33  4  19.1  2  9.5  15  71.4 
5  96  33  2  9.1  1  4.5  19  86.4 
5  48  34  10  45.5  7  31.8  5  22.7 
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DATA  FOR  TEMPERATURE  PULSE  EXPERIMENTS 

5  DP=Day  of  Incubation  after   which  pulse  was  applied  (24  hour  days) 

PL=Pulse  Length  (Hours)  PT-Pulse  temperature  (C) 

M=Males  F=females  D=Dead 

10  TABLE  1  ( con t inued)  

DP  PL  PT  #  I  #  1  #  \  I  

15  (Hrs)  (°C>  M  M  F  F  D  D 

5  72  34  8  32.0  16  64.0  1  4 .0  

5  96  34  17  63.0  8  29.6  2  7 .4  
20  5  96  34  23  43.4  22  41.5  8  15.1 

5  48  35  9  39.1  12  52.2  2  8 .7  

5  72  35  10  45.5  9  40.9  3  13.6 

5  96  35  14  43.8  13  40.6  5  15.6 25 
5  48  36  10  26.3  13  34.2  15  39.5 

5  72  36  14  48.3  10  34.5  5  17.2 

5  96  36  10  40.0  7  28.0  8  32.0 
30  5  48  37  4  17.4  2  8.7  17  73.9 

5  72  37  3  13.0  3  13.0  17  74.0 

5  96  37  4  17.4  5  21.7  14  60.9 

6  48  34  13  31.0  19  45.2  10  23.8 
35 

6  72  34  13  43.3  13  43.3  4  13.4 

6  48  35  9  45.0  10  50.0  1  5 .0  

6  72  35  2  33.3  30  50.0  10  16.7 

40  6  96  35  11  52.4  6  28.6  4  19.0 

6  48  37  1  4.0  2  8.0  22  88.0 

6  72  37  2  8.3  1  4.2  21  87.5 

CONTROL  38  18  45.0  20  50.0  2  5 .0  
45 

CONTROL  38  20  52.6  17  44.7  1  2 .6  

CONTROL  38  11  45.8  13  54.2  0  0 

CONTROL  38  25  44.6  27  48.2  4  7.2 

so  CONTROL  38  18  40.9  20  45.5  6  13.6 

CONTROL  38  25  47.2  28  52.8  0  0 

CONTROL  38  21  42.9  25  51.0  3  6.1 

55 
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ITA  FOR  TEMPERATURE  PULSE  EXPERIMENTS 

DP-Day  of  I n c u b a t i o n   a f t e r   wnicn  pu i se   was  a p p n e u   \ «  

P U P u l s e   Length  (Hours)   PT.Pulse   t e m p e r a t u r e   (C)  

,0  M=Males  F»females  D=Dead 

/5  TABLE  1  ( c o n t i n u e d )  

DP  PL  PT  #  X  #  *  #  1  

(Hrs)  (°C>  M  M  F  F  D  D 

CONTROL  38  23  40.4  32  56.1  2  3 . 5  

CONTROL  38  26  44.1  30  50.8  3  5 .1  
25 

30 

35 

to 

15 

50 
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nATA  FOR  TEMPERATE  PHI  SF  FYPERIMENTS 

DP=Day  of  I n c u b a t i o n   a f t e r   which  pulse   was  a p p l i e d   (24  hour  d a y s )  

PL-Pulse  Length  (Hours)  PT-Pulse  t e m p e r a t u r e   (C)  

H-Hales  F- females   D-Dead 

TABLE  2 

15  DP  PL  PT  If  *  *  *•  v  ** 

(Hrs)  (°C)  M  M  F  F  D  D 

3  48  20  27  50.9  19  35.9  7  1 3 . 2  

?0  3  8  22  26  56.5  17  37.0  3  6 . 5  

3  24  22  25  54.3  19  41.3  2  4 . 4  

3  24  22  24  52.2  19  41.3  3  6 . 5  

3  48  22  20  40.0  16  32.0  14  2 8 . 0  

3  48  22  27  50.9  18  34.0  8  15.1  

3  48  22  17  29.8  30  52.6  10  1 7 . 6  

3  48  22  19  35.9  28  52.8  6  1 1 . 3  

3  48  22  13  37.1  18  51.5  4  1 1 . 4  

3  48  22  18  45.0  17  42.5  5  1 2 . 5  

3  48  22  15  45.5  15  45.5  3  9 . 0  

35  3  48  22  31  43.1  33  45.8  8  11.1  

3  48  22  35  47.9  32  43.9  6  8 . 2  

3  48  22  24  54.5  13  29.5  7  1 6 . 0  

io  3  48  22  15  36.6  15  36.6  11  2 6 . 8  

3  48  25  3  14.3  4  19.0  14  6 6 . 7  

3  24  26  9  34.6  13  50.0  4  1 5 . 4  

3  48  33  7  31.8  11  50.0  4  1 8 . 2  

3  72  33  5  21.7  12  52.2  6  26 .1  

3  96  33  7  33.3  1  4.8  13  6 1 . 9  

3  48  36  6  28.6  14  66.6  1  4 . 8  

3  72  36  8  38.1  12  57.7  1  4 . 8  

3  96  36  14  43.8  17  53.1  1  3 .1  

55 

i  c 
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DATA  FOR  TEMPERATURE  PULSE  EXPERIMENTS 

PT=Pulse  temperature   (C)  M=Males 

PLiPulse  Length  (Hours)  F=females 

AF=Age  of  laying  f lock  (Heeks)  D=Dead 

EA=Age  of  egg  from  time  of  lay  (Hours)  

Temperature  pulse  was  applied  at  day  3  of  i n c u b a t i o n .  

Number  of  eggs  used  in  each  experiment  =  63 

TABLE  3 

PT  PL  EA  AF  1  X  1  M:F 
°C)  (Hrs)  (Hrs)  (Hks)  M F D  

22  8  18  52  56.5  37.0  6.5  1.53:1 
22  8  36  34  50.0  42.6  7.4  1.17:1 

22  8  30  37  46.0  50.0  4.0  0 .92 :1  
22  8  36  35  50.9  45.6  3.5  1.12:1 
22  24  18  52  52.2  41.3  6.5  1.26:1 
22  24  36  30  47.3  50.9  1.8  0 .93 :1  
22  24  36  34  54.7  39.1  6.2  1.40:1 
22  24  36  37  48.2  41.1  10.7  1.17:1 
22  36  36  32  61.4  36.8  1.8  1.67:1 
22  36  36  32  50.0  48.1  1.9  1 .04:1 
22  36  36  33  55.7  36.1  8.2  1 .54:1 
22  36  30  37  59.2  40.8  0  1.45:1 
22  36  36  33  51.6  40.3  8.1  1 .28:1 
22  48  18  52  54.5  29.5  16.0  1 .85:1 
22  48  30  36  54.0  38.1  7.9  1 .42:1 
22  48  36  30  53.6  37.5  8.9  1 .43:1 

22  48  36  30  40.8  42.9  16.3  0 .95 :1  

CONTROL  36  34  40.4  56.1  3.5  0 .72:1  

CONTROL  30  37  43.8  46.9  9.3  0 .93 :1  

CONTROL  30  37  43.8  53.1  3.1  0 .82 :1  

CONTROL  36  32  44.1  50.8  5.1  0 .87:1  
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TABLE  4 

GENOTYPIC  AND  PHENOTYPIC  SEXING  OF  THE  CHICKS  ON  THE  DAY  OF 
HATCHING 

TREATMENT  GROUP  GENOTYPIC  SEX  PHENOTYPIC  SEX 
(FEATHER  COLOUR)  (VENT  SEX) 

22°C  30  male  30  male,  0  female 

22°C  39  female  35  female,  4  male 

36°C  105  male  105  male,  0  female 

36°C  101  female  100  female,  1  male 
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Claims 

1  .  A  method  of  hatching  eggs  of  avian  species  which  comprises  carrying  out  at  least  one  cycle  of  steps  (a)  to  (c)  as 
follows: 

(a)  incubating  the  eggs  in  a  first,  baseline  ambient  environment  which  is  normal  for  hatchery  incubation  of  the 
eggs  of  the  avian  species  in  the  prevailing  climatic  conditions  and  then; 

(b)  during  a  sex-sensitive  time  window  of  embryonic  development,  altering  the  ambient  environment  to  shifted 
conditions  for  a  period  of  time  effective  to  bias  the  normal  phenotypic  sex  ratio  of  the  embryos;  and 

(c)  thereafter  restoring  the  incubation  conditions  to  or  towards  normal 

characterised  in  that,  during  step  (b),  the  shifted  conditions  and  the  period  of  time  in  which  these  condition  are 
applied  are  chosen  such  that  they  also  have  no  significant  effect  on  the  average  mortality  rate  and  in  that,  during 
step  (c)  the  eggs  are  allowed  to  hatch. 

2.  A  method  according  to  claim  1  ,  wherein  the  avian  species  is  a  chicken. 
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3.  A  method  according  to  claim  2  wherein  the  shifted  conditions  comprise  reduced  temperature. 

4.  A  method  according  to  claim  3  wherein  the  temperature  is  reduced  when  the  eggs  are  at  Hamilton-Hamburger 
stage  1  8  or  1  9  or  at  2-4  days  after  the  start  of  an  incubation  which  began  from  1  8  to  36  hours  after  the  eggs  were 
laid. 

5.  A  method  according  to  claim  4,  wherein  the  shifted  temperature  is  maintained  at  about  22°C  for  a  period  of  from  1  8 
to  42  hours. 

6.  A  method  according  to  claim  5  wherein  the  period  of  shifted  temperature  is  from  24  to  36  hours. 

7.  A  method  according  to  claim  4,  wherein  the  shifted  temperature  is  maintained  at  about  36°C  for  a  period  of  from  1  8 
to  96  hours. 

8.  A  method  according  to  claim  7  wherein  the  period  of  shifted  temperature  is  from  24  to  72  hours. 

9.  A  method  of  producing  birds  of  an  avian  species  which  are  chromosomally  male  (ZZ)  but  phenotypically  female  or 
chromosomally  female  (ZW)  but  phenotypically  male,  which  comprises  hatching  eggs  by  a  method  defined  in  any 
preceding  claim  to  bias  the  phenotypic  sex  ratio,  detecting  the  chromosome  type  of  the  hatchlings  and  selecting 
hatchlings  which  are  chromosomally  male  but  phenotypically  female  or  vice  versa. 

10.  A  method  according  to  claim  9  which  further  comprises  rearing  the  hatchlings  to  an  adult  age  at  which  they  are 
capable  of  breeding. 

1  1  .  A  method  according  to  claim  1  0  which  further  comprises  allowing  the  phenotypically  female  or  male  birds  (chromo- 
somally  ZZ  or  ZW  respectively),  to  breed  with  a  bird  of  the  opposite  phenotypic  sex  of  normal  chromosome  type 
(chromosomally  ZZ  or  ZW  respectively),  to  produce  offspring  which  are  chromosomally  homogenetic  individuals 
(all  WW). 

12.  The  use  of  an  incubator  for  hatching  avian  eggs,  the  incubator  being  adapted  to  provide  at  least  one  cycle  of  con- 
ditions  defined  by  any  one  of  claims  1  -8. 

1  3.  The  use  of  an  incubator  according  to  claim  1  2  adapted  by  the  provision  of  associated  programmable  control  means 
for  varying  the  conditions. 

Patentanspruche 

1  .  Verfahren  zum  Ausbriiten  von  Eiern  von  Vogelgattungen,  das  das  Ausfiihren  mindestens  eines  Zyklus  der  Schritte 
(a)  bis  (c)  wir  folgt  umfaBt: 

(a)  Bebrtiten  der  Eier  in  einer  ersten  Basislinienumgebung,  wie  sie  fur  das  Bebriiten  der  Eier  der  Vogelgattun- 
gen  in  einer  Brutanstalt  unter  den  vorherrschenden  Klimabedingungen  normal  ist,  und  daraufhin 

(b)  Anderung  der  Umgebung  wahrend  eines  geschlechtsempfindlichen  Zeitfensters  der  Embryoentwicklung 
auf  veranderte  Bedingungen  fur  eine  Zeitspanne,  die  zum  Verschieben  des  normalen  phanotypischen 
Geschlechtsverhaltnisses  der  Embryos  wirksam  ist;  und 

(c)  daraufhin  Wiederherstellung  der  Bebriitungsbedingungen  auf  normal  Oder  nach  normal  hin, 

dadurch  gekennzeichnet,  daB  wahrend  Schritt  (b)  die  veranderten  Bedingungen  und  die  Zeitspanne,  wahrend  der 
diese  Bedingungen  angewendet  werden,  so  ausgewahlt  werden,  daB  sie  auch  keine  signifikante  Wirkung  auf  die 
Durchschnittssterblichkeitsrate  ausiiben  und  daB  man  wahrend  Schritt  (c)  die  Eier  ausbriiten  laBt. 

2.  Verfahren  nach  Anspruch  1  ,  bei  dem  es  sich  bei  der  Vogelgattung  urn  Hiihner  handelt. 

3.  Verfahren  nach  Anspruch  2,  bei  dem  die  veranderten  Bedingungen  eine  reduzierte  Temperatur  umfassen. 

4.  Verfahren  nach  Anspruch  3,  bei  dem  die  Temperatur  wahrend  sich  die  Eier  in  der  Hamilton-Hamburger-Stufe  18 
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Oder  19  befinden  oder  2-4  Tage  nach  Beginn  der  Bebrtitung,  die  18  bis  36  Stunden  nach  dem  Legen  der  Eier 
begonnen  hat,  reduziert  wird. 

5.  Verfahren  nach  Anspruch  4,  bei  dem  die  veranderte  Temperatur  fur  eine  Zeitspanne  von  1  8  bis  42  Stunden  bei  ca. 
22°C  gehalten  wird. 

6.  Verfahren  nach  Anspruch  5,  bei  dem  die  Zeitspanne  der  geanderten  Temperatur  24  bis  36  Stunden  betragt. 

7.  Verfahren  nach  Anspruch  4,  bei  dem  die  veranderte  Temperatur  fur  eine  Zeitspanne  von  1  8  bis  96  Stunden  bei  ca. 
36°C  gehalten  wird. 

8.  Verfahren  nach  Anspruch  7,  bei  dem  die  Zeitspanne  der  veranderten  Temperatur  24  bis  72  Stunden  betragt. 

9.  Verfahren  zur  Erzeugung  von  Vogeln  einer  Vogelgattung,  die  chromosomal  mannlich  (ZZ)  jedoch  phanotypisch 
weiblich  oder  chromosomal  weiblich  (ZW)  jedoch  phanotypisch  mannlich  sind,  das  das  Ausbriiten  von  Eiern  mittels 
eines  in  einem  der  vorhergehenden  Anspriiche  definierten  Verfahren  umfaBt,  zum  Verschieben  des  phanotypi- 
schen  Geschlechtsverhaltnisses,  Feststellen  des  Chromosomentyps  der  ausgeschliipften  Jungen  und  Auswahlen 
frisch  ausgeschliipfter  Jungen,  die  chromosomal  mannlich  jedoch  phanotypisch  weiblich  sind  oder  umgekehrt. 

10.  Verfahren  nach  Anspruch  9,  das  des  weiteren  das  Aufziehen  der  Kiiken  bis  zur  Adultstufe,  in  der  sie  zum  Briiten 
fahig  sind,  umfaBt. 

1  1  .  Verfahren  nach  Anspruch  1  0,  das  des  weiteren  folgendes  umfaBt:  Briiten  lassen  der  phanotypisch  weiblichen  oder 
mannlichen  Vogel  (chromosomal  jeweils  ZZ  bzw.  ZW)  mit  einem  Vogel  des  entgegengesetzten  phanotypischen 
Geschlechts  von  normalem  Chromosomentyp  (chromosomal  jeweils  ZZ  bzw.  ZW)  zur  Erzeugung  von  Abkommlin- 
gen,  die  chromosomal  homogene  Individuen  (alle  WW)  sind. 

12.  Verwendung  eines  Brutschranks  zum  Ausbriiten  von  Vogeleiern,  wobei  der  Brutschrank  so  adaptiert  ist,  daB  darin 
mindestens  ein  Zyklus  der  in  einem  der  Anspriiche  1-8  definierten  Bedingungen  vorgesehen  ist. 

13.  Verwendung  eines  Brutschranks  nach  Anspruch  12,  der  durch  Vorsehen  eines  damit  verbundenen  programmier- 
baren  Reglers  zur  Veranderung  der  Bedingungen  adaptiert  ist. 

Revendications 

1.  Procede  pour  couver  des  oeufs  d'une  espece  aviaire,  qui  comprend  la  mise  en  oeuvre  d'au  moins  un  cycle  com- 
prenant  les  etapes  (a)  a  (c)  comme  suit: 

(a)  incuber  les  oeufs  dans  un  premier  environnement  ambiant  servant  de  base  de  reference,  qui  est  normal 
pour  une  incubation  des  oeufs  de  I'espece  aviaire  dans  un  couvoir  dans  les  conditions  climatiques  en  vigueur, 
puis 

(b)  dans  une  fenetre  temporelle  du  developpement  embryonnaire  dans  laquelle  les  embryons  sont  sexuelle- 
ment  sensibles,  modifier  I'environnement  ambiant  pour  passer  a  des  conditions  decalees  pendant  un  laps  de 
temps  efficace  pour  influencer  la  proportion  phenotypique  normale  des  sexes  des  embryons;  et 

(c)  retablir  par  la  suite  les  conditions  d'incubation  a  la  normale  ou  s'approchant  de  la  normale, 

caracterise  en  ce  que,  au  cours  de  I'etape  (b),  on  selectionne  les  conditions  decalees  et  la  periode  de  temps  dans 
laquelle  on  applique  ces  conditions  de  telle  sorte  qu'elles  n'aient  pas  en  meme  temps  un  effet  signif  icatif  sur  le  taux 
de  mortalite  moyen  et  en  ce  que,  au  cours  de  I'etape  (c),  on  laisse  la  couvaison  des  oeufs  se  derouler. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  I'espece  aviaire  est  un  poulet. 

3.  Procede  selon  la  revendication  2,  dans  lequel  les  conditions  decalees  comprennent  une  temperature  reduite. 

4.  Procede  selon  la  revendication  3,  dans  lequel  on  reduit  la  temperature  lorsque  les  oeufs  se  trouvent  au  stade  18 
ou  19  de  Hamilton-Hamburger  ou  a  un  moment  correspondant  a  2-4  jours  apres  le  debut  d'une  incubation  qui  a 
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commence  apres  un  laps  de  temps  de  1  8  a  36  heures  faisant  suite  a  la  ponte  des  oeufs. 

5.  Procede  selon  la  revendication  4,  dans  lequel  la  temperature  decalee  est  maintenue  a  environ  22°C  pendant  un 
laps  de  temps  de  18  a  42  heures. 

5 
6.  Procede  selon  la  revendication  5,  dans  lequel  la  periode  correspondant  a  la  temperature  decalee  s'eleve  de  24  a 

36  heures. 

7.  Procede  selon  la  revendication  4,  dans  lequel  la  temperature  decalee  est  maintenue  a  environ  36°C  pendant  un 
10  laps  de  temps  de  1  8  a  96  heures. 

8.  Procede  selon  la  revendication  7,  dans  lequel  la  periode  correspondant  a  la  temperature  decalee  s'eleve  de  24  a 
72  heures. 

15  9.  Procede  pour  obtenir  des  volatiles  d'une  espece  aviaire  qui,  du  point  de  vue  chromosomique,  sont  des  males  (ZZ), 
mais  des  femelles  du  point  de  vue  phenotypique,  ou  qui,  du  point  de  vue  chromosomique,  sont  des  femelles  (ZW), 
mais  des  males  du  point  de  vue  phenotypique,  qui  comprend  le  fait  de  couver  des  oeufs  via  un  procede  defini  dans 
I'une  quelconque  des  revendications  precedentes  pour  influencer  la  proportion  phenotypique  des  sexes,  le  fait  de 
detecter  le  type  de  chromosome  des  oeufs  eclos  et  le  fait  de  selectionner  des  oeufs  eclos  qui,  du  point  de  vue  chro- 

20  mosomique,  sont  des  males,  mais  des  femelles  du  point  de  vue  phenotypique,  ou  vice  versa. 

10.  Procede  selon  la  revendication  9,  qui  comprend  en  outre  le  fait  d'elever  les  oeufs  eclos  jusqu'a  I'age  adulte,  age 
auquel  ils  sont  capables  de  se  reproduire. 

25  11.  Procede  selon  la  revendication  1  0,  qui  comprend  en  outre  le  fait  de  laisser  les  volatiles  femelles  ou  males  du  point 
de  vue  phenotypique  (du  point  de  vue  chromosomique  ZZ  ou  ZW,  respectivement)  se  reproduire  avec  un  volatile 
du  sexe  phenotypique  oppose  de  type  chromosomique  normal  (du  point  de  vue  chromosomique  ZZ  ou  ZW,  res- 
pectivement)  pour  obtenir  des  descendants  qui  represented  des  individus  homogenetiques  du  point  de  vue  chro- 
mosomique  (tous  WW). 

30 
1  2.  Utilisation  d'un  incubateur  pour  couver  des  oeufs  aviaires,  I'incubateur  etant  congu  pour  procurer  au  moins  un  cycle 

de  conditions  defini  par  I'une  quelconque  des  revendications  1  a  8. 

13.  Utilisation  d'un  incubateur  selon  la  revendication  12,  congu  pour  etre  equipe  d'un  moyen  de  commande  program- 
35  mable  associe  destine  a  faire  varier  les  conditions. 

17 
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